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The effect of cholesterol and cholesterol esters on Pityrosporum cultures has been 
studied. A mixture from 0.25% to 2.0% of cholesterol:cholesteryl stearate:glyceryl mono-
stearate (2.0:1.5:2.0) added to Bacto Yeast Morphology Agar plus oleic acid was able to 
induce hyphae in cultures of both Pityrosporum orbiculare and P . ovale . This result is 
discussed with respect to the cholesterol effect on cell membranes and to the occurrence of 
cholesterol and cholesterol esters in the scaling patches of Pityriasis versicolor. 
The cause of Pityriasis versicolor is a pleo-
morphic fungus . In human skin, the hypha} phase 
develops whereas in artificial cultures the yeast 
phase predominates (Pityrosporum orbiculare) . 
P. orbiculare can be found not only in areas 
affected with Pityriasis versicolor but on the 
healthy skin of most normal subjects and is thus 
considered, with P. ovale, a member of the normal 
flora of the skin [1 ,2]. P . orbiculare was differen-
tiated from?. ovale by Gordon in 1951 [3). Never-
theless, more recent investigations on the metab-
olism of both P . ovale [ 4-6] and P . orbiculare [7] , 
and the observations of transitional forms in the 
same strain of Pityr:osporum in culture [8) support 
the -concept that the 2 fungi belong to 1 species. 
Although convincing evidence that P . orbicu-
lare is tne spore stage of Malassezia furfur has 
been presented [9), the factors that cause the 
dimorphism of the fungus and colonization of the 
horny layer [10] are not yet known. So far , all 
attempts to induce consistent formation of hyphae 
in cultures of Pityrosporum have been unsuccess-
ful, although germ tubes and hyphal structures 
have been seen in colonies first isolated from 
scales, and occasionally in subsequent transfers. 
The purpose of this paper is to report the results 
of our attempts to induce hyphal structures in 
cultures of Pityrosporum . 
MATERIALS AND METHODS 
Organisms 
Organisms used were P . orbiculare, strains 4 709 and 
6331 available from our collection of P . orbiculare 
isolated from scales of Pityriasis versicolor. P. ovale, 
strains 4162 and 5334 were obtained from Centraalbu-
reau voor Schimmelcultures (CBS), Delft, Netherlands . 
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Media 
A) . Isolation of P . orbiculare from scales of Pityriasis 
versicolor was undertaken on a complex medium con-
taining in each liter of distilled water-Difco Yeast 
Extract, 10 gm.; Agar, 20 gm.; and olive oil, 100 mi. 
The final pH of the medium after sterilization at 121°C 
for 15 min was 6.8 (medium A). 
B) . For morphological studies, cultivation and main-
tenance of the strains of P . orbiculare and P. ovale 
were undertaken on Bacto Yeast Morphology Agar 
prepared according to the formula suggested by Wick-
erham for the determination of typical characteristics 
and cell morphology [11] . Lipid supplement in the form 
of oleic acid was added at the concentration of 4% v/v . 
The final pH of the medium after addition of oleic acid 
and sterilization at 121°C for 15 min was 4.5 (medium 
B ). 
Preparation of the factors inducing hypha! struc-
tures-cholesterol, cholesteryl stearate, cholesteryl 
oleate, and glyceryl monostearate were tested sepa-
rately and mixed in all the possible combinations of 
0.25:0.5:1.0:2.0% (w/v) after sterilization together with 
medium A and medium B. 
All cultures were incubated at 30°C. 
Microscopic observations of M. furfur from the scales 
of Pityriasis versicolor and of cultural isolates of P. 
orbiculare and P . ovale at the tenth day of growth , 
were carried out after staining with Nile blue sulfate 
100 mg dissolved in 10 ml of distilled water and diluted 
to 20 ml with ethanol. 
RESULTS 
A typical example of M. fwfur obtained from 
scales of a patient affected with Pityriasis versico-
lor, stained with Nile blue sulfate is shown in Fig 
1. The primary culture of P . orbiculare, strain 
. 4709, obtained from scales of Pityriasis versicolor 
after 10 days of growth in nutrient medium A , 
shows a number of round cells that multiply by 
budding and some hyphal swelling (Fig 2). 
The results of the experiments carried out add-
ing cholesterol , cholesteryl stearate, cholesteryl 
oleate, and glyceryl monostearate, separately and 
mixed in all the possible combinations to medium 
A and B are reported in the Table. The hyphae 
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FIG 1. Typical example of Malassezia furfur from scales of Pityriasis versicolor (Blue Nile Sulfate, x 1920). 
FIG 2. Primary culture of Pityrosporum orbiculare strain 4709 obtained from scales of Pityriasis versicolor in 
Difco Yeast Extract plus olive oil (Blue Nile Sulfate, x 1920). 
FrG 3 and 4. Subculture of the same strain 4709 of Pityrosporum orbiculare in Bacto Yeast Morphology Agar 
plus oleic acid, added with a mixture of cholesterol:cholesteryl stearate:glyceryl monostearate (2 .0:1.5:2.0) (Blue 
Nile Sulfate, x 1920). 
FIG 5 and 6. Subculture of Pityrospo.~um ouale from CBS collection in Bacto Yeast Morphology Agar plus oleic 
acid, added with a mixture of cholesterol:cholesteryl stearate:glyceryl monostearate (2.0:1.5:2.0) (Blue Nile 
Sulfate, x 1920). 
grow consistently when a mixture of 
cholesterol:cholesteryl stearate:glyceryl monos-
tearate. 2.0:1.5:2.0 is added to medium B (medium 
C). 
Cells and hyphae in subcultures of the same 
strain 4709 of P. orbiculare in medium C are 
shown in Fig 3 and 4. The cells are round, oval, 
or elongated but oval cells predominate. Reproduc-
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tion takes place by budding. The mycelial growth 
in culture closely resembles that of M. furfur (Fig 
1) in tissue. 
Subcultures in medium C of P . ovale obtained 
from the CBS collection are represented in Fig 5 
and 6. Cultures of P. ovale and P. orbiculare in 
medium C are essentially alike in their morphol-
ogy. 
DISCUSSION 
Since the lipophilic nature of Pityrosporum was 
established [12-14] it has been possible to isolate 
the organism by adding lipids to nutrient media. 
More recent investigations on the nutritional re-
quirements and lipid metabolism of both P. ovale 
[4-6] andP. orbiculare [7,15] have shown that the 
fungi are incapable of synthesizing lipids and 
require an exogenous source of fatty acids. Lipids 
can be added to the nutrient medium directly as 
fatty acids or as triglycerides beca use of the lipo-
lytic activity of Pityrosporum [16,17]. 
The major skin surface lipid sources for Pityros-
porum in the human skin are triglycerides and 
free fatty acids produced by the sebaceous glands. 
However, in the stratum corneum-the natural 
habitat of Pityrosporum- there are also lipids 
derived from the decomposition of keratinized 
cells, mainly represented by cholesterol and cho-
lesterol esters. In the scaling patches of Pityriasis 
versicolor in which hyphae are found, the number 
of keratinocytes is greater [18] and the amount of 
cholesterol and cholesterol esters is increased [17] . 
Cholesterol can also induce modifications in the 
shape of cell membranes based on evidence gath-
ered from a number of investigations with differ-
ent physical techniques [19-24]. These consist-
ently indicate that the presence of cholesterol 
increases the degree of rigidity of the alipha tic 
polymethylenic chains of phospholipids. In fact , 
cholesterol gives rise to a "condensation" of the 
membrane phospholipid components, that is , a 
reduction of the area occupied by every phospho-
lipid molecule. Therefore, the architecture of the 
cell membrane, its dynamic and mechanic proper-
ties, and the degree of permeability are deeply 
influenced by variation in its content of choles-
terol. 
For these reasons we were interested in deter-
mining whether cholesterol and cholesterol esters 
would a llow Pityrosporum cell membranes to as-
sume elongated shapes in which the surface/vol-
ume ratio would exceed the minimum possible. In 
our opinion, the hypha! structures we have ob-
tained here (Fig 3-6) are consistent with the above 
suggestion. The hyphae have been obtained 
mainly when to the Bacto Yeast Morphology Agar 
(a medium of known composition suitable for 
morphological investigations) a mixture consist-
ing of cholesterol:cholesteryl stearate:glyceryl 
monostearate (2.0:1.5:2.0) at the concentration 
from 0.25% to 2.0% (w/v) (Table 1) has been added. 
This proba bly indicates that we have realized an 
emulsion which can be absorbed by the cell mem-
brane. 
As regards our results , three other points merit 
special note: 
A). P . orbiculare, strains 4 709 and 6331 primar-
ily isolated from scales of Pityriasis versicolor in 
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(Bacto Yeast Morphology Agar 0.25 0.5 
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Cholesterol, cholesteryl stearate, cholesteryl oleate, glyceryl monosteara te were added separately and mixed 
in all the possible combinations to medium B after sterilization . 
" The same experiment carried out with medium A gave no hyphae. 
b + presence of hyphae up to 5% of total cells. 
c ++from 5 to 20%. 
'
1 + + + over 20%. 
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1969 in nutrient medium A, showed, at that time, 
a number of colonies of spherical, thick-walled, 
budding cells with the characters assumed by 
Gordon to differenziate P. orbiculare [3]. Some 
hyphal structures were present. In the subsequent 
transfers no hyphae have been seen, while many 
"orbiculare" cells had changed in the "ovale" type . 
In the present experiments the same strain gave 
rise, in medium C, to colonies of cells in the most 
part oval in shape which develop into hyphae [Fig 
2-4). 
B). P. ovale, strains 4162 and 5334 obtained 
from CBS collection, were stable in shape; when 
cultivated in medium C they develop hyphae 
which are undistinguishable from those observed 
in cultures of P. orbiculare (Fig 5 and 6). 
C). The hyphae developed both from cells of P. 
orbiculare and .P. ovale are suggestively similar 
to the ones of M. furfur in the tissues (Fig 1, 4, 6). 
These results confirm the observations of transi-
tional forms in cultures [8] and show that both P. 
orbiculare and P. ovale are capable of assuming 
the morphology of M. furfur. When the lipid 
metabolism and growth requirements of P. orbi-
culare [7] are compared with those of P. ovale [4-
6] the separation of P. orbiculare from P. ovale 
stated by Gordon (1951) on the basis of morpholog-
ical differences and on the ability to utilize unsat-
urated fatty acids "in vitro" will probably have to 
be revised. 
Though further investigations on the cell mem-
brane of Pityrosporum are necessary, our results 
point out a role of cholesterol and cholesterol 
esters on the dimorphism of the fungus in culture, 
and suggest further studies of the role of skin 
surface lipids in the pathogenesis of Pityriasis 
versicolor. 
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